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Objectives

The objective of this research was, initially, to study the chemistry and
electrochemistry of components to be utilized in the development of a ther-
mally regenerative electrochemical system (TRES). The original work was
aimed at exploring the use of ambient temperature ionic liquids (molten salts),
consisting of an organic halide mixed with aluminum halide, as potential elec-
trolytes for a TRES system. The objective was later changed to study electro-
chemistry in a high temperature molten salt, a lithium chloride-potassium
chloride eutectic, in support of pulse power battery applications.

Technical Approach

Our initial work utilized an ambient temperature molten salt consisting
of 1-methyl-3-ethylimidazolium chloride (ImCl) mixed with aluminum chloride
(AICl3). This solvent system is characterized as acid, basic, or neutral, if the
mole ratio of AICl3 to ImCl is greater than, less than, or equal to unity, respec-
tively. The Lewis acidity of the solvent is varied by changing the system acidi-
ty; this is accomplished by varying the mole ratio of AlCl3 to ImCl. Our initial
goal was to determine if it were possible to reduce the AlCly" in a basic melt
by raising the temperature; Al(0) can be deposited from an acidic melt, and
the thought was that it might be possible to arrive at a concentration cell of
reasonable voltage that could be thermally regenerated. A program redirec-
tion was obtained to permit studying reactions in higher temperature, potassi-
um chloride-lithium chloride eutectic melts at very small electrodes; this work
was related to the development of high powered pulse batteries.

Results

Efforts to reduce the AICl4" anion in a basic AlCl3-ImCl melt at tem-
peratures up to 250°C were unsuccessful The anodization of Al(0) was
studied in the basic AlCl3-ImCl melt. The anodization process was studied as
a function of chloride anion concentration. Two different anodization pro-
cesses were observed with onset potentials, against the Al-Al(III) reference, of
-1.1and 0 V. The more negative anodization involved formation of the te-
trachloroaluminate anion and exhibited a limiting current controlled by diffu-
sion of chloride to the electrode surface. The number of chlorides required
fro each Al anodized was determined to be 4.6 + 0.4. The more anodic
process showed no diffusion control. Tungsten ultramicroelectrodes were
employed to examine the cathodic and anodic limits of a basic melt. Staircase
cyclic voltammetric scans were performed well beyond the normal melt elec-
trochemical potential limits. In the cathodic region, reduction of the Im¥ was
clearly seen at -2.3 V, and another, unknown reduction process at -5.5 V was
also observed. In the anodic region, oxidation of both CI", at 1.3 V, and




AICly’, at 3.0 V, were also observed. From normal pulse voltammetry, diffu-
sion coefficients of Imt and Cl- were determined.

As a sidelight of this study, some work was carried out on the ¢lectro-
chemistry of the molybdenum(IILI‘) dimers, Mo, Clg~°~ and M02C18H3', and the
molybdenum(II) dimer, Mo,y Clg™", in basic melts. The scheme for the electro-
chemical processes that the dimers undergo was deduced.

Since it was felt that the results obtained were unsatisfactory as far as
the initial goals of the project were concerned, and change in direction to
examine Li metal deposition in a LiCl-KCl eutectic molten salt was requested
and obtained. Tungsten ultramicroelectrodes were employed to study both
the deposition and stripping behavior of Li/Li* and Bi/Bi®* in the LiCI-KCl
eutectic melt at 400°C. The Li deposition current could be simulated assum-
ing the growth of a single hemisphere of liquid metal on the microelectrode.
High stripping current densities were observed and quantized using standard
electrochemical equipment, possible because thought the current densities
were very high, the absolute magnitude of the current was small. An inverted
microscope assembly was employed for in situ observation of the Li/LiT de-
position and stripping processes at the microelectrode.
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